In this study, Baker's yeast strain (Saccharomyces cerevisiae) was evaluated for its ability to decolorize a synthetic dye aqueous solution and real industry effluent from Giza spinning and weaving company, Giza, Egypt. The removal of color from one of the azo dyes, ramazole blue (Vinyl sulfone), had been carried out by Baker's yeast using repeated-batch process. Factors such as solution pH, dye concentration and biomass dosage at different interval times were experimentally tested. The effect of pH on dye bioremoval was investigated at a pH range from 1 ± 0.02 to 6 ± 0.02. The optimum pH values were 2 ± 0.02, 1 ± 0.02, 3 ± 0.02, 4 ± 0.02 and 5 ± 0.02 for direct dye removal, respectively. The effect of dye concentrations was studied using different concentrations of synthetic dye containing 100-600 ppm and the effect of biomass weight was also studied at pH 2 ± 0.02 for different interval times. The equilibrium concentration and the adsorption capacity at equilibrium were determined using two different sorption models namely; Langmuir and Freundlich isotherms. These isothermal models were applied to evaluate differences in the biosorption rates and uptakes of textile dye with a high degree of correlation coefficients in case of Freundlich's isothermal model (R 2 = 0.947). At the end of the experiments, the treatment with Baker's yeast strain could reduce color absorbance and COD value of real textile wastewater by 100% and 61.82%, respectively. Baker's yeast cells were characterized using SEM and FTIR spectroscopy.
Introduction
Controlling pollution is the main concern of the society today. Synthetic dyes are used widely in many industries such as paper, colored photography and textile. There are 10,000 types of dyestuff throughout the world and approximately 7 · 10 5 tones of these are produced every year. Generally, synthetic dyes can be classified as anionic (direct, acid and reactive dyes), cationic (basic) and non-ionic (disperse). Anionic dyes (direct, acid and reactive) represent 20-30% of commercial dyes used. Reactive dyes are formed by the combination of azo-based chromophores with different types of reactive groups such as vinyl sulfone, chlorotriazine, trichloropyrimidine and difluorochloropy rimidine. Azo dyes are the largest chemical class of dyes with a great deal of structural and color variety used in industries representing up to 70% of the annual production. They are characterized by the presence of one or more azo groups AN‚NA, which are responsible for their coloration, recalcitrant nature and hence are less biodegradable. Reactive dyes are commonly used in textile industries because of their favorable characteristics such as bright color water fastness, and their simple application techniques with low energy consumption [1] . A remarkable amount of the dyestuffs is lost during dyeing processes. These losses are mainly disposed off into aquatic environment by textile and dyeing industries and also through some other means. Wastewater from textile industries constitutes a threat to the environment in most parts of the world, as the degradation products of textile dyes are often carcinogenic. In addition, light absorption hindered by textile dyes creates problems to photosynthetic aquatic plants and algae. The main important pollutants in textile effluent are recalcitrant organic compounds, color, toxicant, inhibitory compounds, surfactants and chlorinated compounds. During processing, 5-20% of the used dyestuffs are released into the process water [2, 3] . In addition to their visual effect and their adverse impact in terms of chemical oxygen demand, many synthetic dyes are toxic, mutagenic and carcinogenic [4] . Removal of reactive dyes is especially problematic because they can easily pass through conventional treatment systems and without much change [5] . Physical and chemical methods, such as chemical coagulation/flocculation, ozonation, oxidation, filtration, ion exchange, irradiation, precipitation, adsorption [6, 7] and electrochemical methods [8] [9] [10] [11] have been widely used for the decolorization of dyes. These methods are not feasible techniques since they are very expensive, experience operational problems and formation of hazardous byproducts or intensive energy requirement [12] [13] [14] . Although physical and chemical methods provide high color removal, they are disadvantageous, since color removal efficiency varies with dye type contained in the wastewater and these are expensive methods [15, 16] .
Nowadays research has indicated that biosorption, is one of the most promising technologies and the removal of dyes by different kinds of biosorbent materials has been receiving more attention. Biological wastewater treatment is often the most economical and eco-friendly alternative, relative to other physical and chemical processes. Microbial decolorization methods, such as bioremoval by growing culture in medium and biosorption by (living or dead) microbial biomass, are commonly applied to the treatment of textile industry effluents because various microorganisms, such as bacteria, yeasts, algae and fungi, are able to remove different classes of dyes [1, 5, 17] .
The interactions between microorganisms (yeast, bacteria and/or fungi) and dyes depend on the chemical properties of all the reaction partners. The yeasts have many advantages compared to bacteria and filamentous fungi. Yeasts are a better raw biosorbent material for the removal of reactive dye due to their unicellular nature and high growth rate. Yeast cells can be easily cultivated into inexpensive growth media, and are a readily available source of biomass that has potential for bioremediation of wastes at lower pH values. Yeasts are inexpensive and readily available source. Yeasts can adapt and grow in various extreme conditions of pH, temperature and availability of nutrients as well as high concentrations of pollutant. The cell walls of Baker's yeast are composed of glucan and mannan with traces of chitin [17] [18] [19] [20] [21] [22] .
On the basis of the above discussion, the main objective of this research was to examine the decolorization of synthetic reactive dye (ramazole blue) solution, which has a wide range of utilization area in textile sector and exists in aquatic environments using dried biomass of Baker's yeast cells as biosorbent in repeated-batch process under a variety of conditions. Variables including; pH, dye concentration, amount of adsorbent and contact time of aliquot were studied. This study also extends for the advanced treatment of real textile effluents containing commercial dye from Giza spinning and weaving company, Giza, Egypt at optimal parameters by Baker's yeast. The efficiency of wastewater decolorization depends on removal of organic colorants such as Chemical Oxygen Demand (COD).
Materials and methods

Adsorbate solution and effluent source
Ramazole blue (Vinyl sulfone), was used as a source of synthetic solution. The aqueous stock solution (1000 ppm) of the dye was prepared by adding 1 g of dye salt into 1 L of bi-distilled water. The solutions of different concentrations (100-1000 ppm) required for the adsorption studies were prepared by dilution of the stock solution. Standard curve for ramazole blue was done using a UV/VIS Spectrophotometer at k: 595 nm.
Highly colored effluents of Giza spinning and weaving company at Giza, Egypt were collected. The effluents were collected in plastic bottles and filtered through ordinary filter paper to remove large suspended particles. The filtered effluents were stored in a refrigerator at 4 ± 1°C until use and analyzed within 8 h. The physicochemical characteristics of textile wastewater sample are listed in Table 1 .
Microorganism (Adsorbent)
The purified strain of Baker's yeast was obtained from the Regional Center for Mycology and Biotechnology (RCMB), Al-Azhar University. The isolate was identified using the most documented keys in fungal identification [23] . The strain was also aerobically subcultured in 500 ml conical flasks with 150 ml sterilized simple liquid PDB growth medium containing (g/l): Potato (peeled) 200 g; Dextrose 20 g and DDW 1.0 L. Rotary-shaker incubation at 180 rpm and 28°C was normally terminated in the late exponential phase of culture growth unless specified otherwise. The cell mass was obtained by the same procedure followed by overnight oven drying at 60°C.
Assays of dye decolorization and isothermal analysis
Batch equilibrium studies used dried biomass in 500 ml conical flasks containing 100 ml dye-bearing solution with known ini-tial dye concentration. Different contact times were allowed for the sorption system to reach equilibrium on an orbital shaker at 180 rpm and 25°C. The solution was centrifuged at 8000 rpm for 10 min and the concentration of the residual dye in solution was calculated by Beer Lambert law using the optical density and molar extinction observed at the characteristic wavelength (k = 595 nm). Real textile effluents containing commercial dye were obtained from Giza spinning and weaving company, Giza, Egypt. Chemical Oxygen demand (COD) and Color absorbance are selected as a criterion to monitor the treatment processes. Consequently, it was decided to control pH in all equilibrium sorption experiments by adding miniscule amounts of hydrochloric acid (HCl) 0.1 N or sodium hydroxide (NaOH) 0.1 N. The efficiency of color removal (decolorization) was defined by the following expression:Removal% ¼ CoÀCe Co Â 100where (C 0 ) and (C e ) are the initial and residual dye concentrations (mg/l), respectively. Values of Q were obtained by simple mass balance calculations according to the following formula:Q ¼ CoÀCe m Â Vwhere (Q) is mg of the dye adsorbed per g dry biosorbent; (V) is the reaction volume (L), and (m) is the amount of dry biosorbent (g) [24, 25] . All physico-chemical analyses were analyzed according to Standard Methods for the examination of water and wastewater [26] .
Analytical methods and equipment used in the study T70 + UV/VIS Spectrophotometer-PG instruments Ltd was used for colorimetric spectrophotometer measurements according to Standard Methods for the examination of water and wastewater [26] . A Scanning Electron Microscope SEM (Inspect S. FEI Company, Holland) was used to characterize the surface of Baker's yeast cells. Functional groups in Baker's yeast cells were determined by the Fourier transform infrared (FTIR) spectroscopy (Shimadzu S 201 PC spectrophotometer-Japan) in the transmit-tance% mode in the range 4000-400 cm À1 . EUTECH pH-700 instrument Singapore meter was used for measuring pH value, with a range of 0.00-14.00 and an accuracy of ± 0.02. Millipore (Elix) UV-Milli-Q Advantage A 10 System: -Doubled Distilled Water (DDW) from Millipore Instrument was used throughout the study.
Results and discussion
Biosorption of the selected azo dye (ramazole blue) was assessed in conjunction with strain of Baker's yeast which is particularly widely used in industrial operations. The yeast strain possessed the most pronounced ability to remove the dye from solution [27] . The decrease of color absorbance in the contact solution with time is studied in all tests at 25 ± 3°C and at a stirring rate of 180 rpm.
Effect of pH
pH is one of the most important factors controlling the adsorption of a dye onto suspended particles. The effect of solution buffering on ramazole blue removal was examined in a batch equilibrium system at a starting pH of 1.0 ± 0.02-6.0 ± 0.02 as shown in Figs. 1 and 2. Batch experiments were carried out at a dye concentration of 100 ppm (100 ml) for 1 h. Results indicated a good dye sorption at pH 2.0 ± 0.02 and 1.0 ± 0.02, respectively, the decolorization reached 100%. The decolorization did not work effectively since the pH of the sorption system still changed somewhat from pH 3.0 ± 0.02 to 6.0 ± 0.02, the decolorization reached 70%, 50%, 30% and 20% at pH 3 ± 0.02, 4 ± 0.02, 5 ± 0.02 and 6 ± 0.02, respectively. This can be explained that at a lower pH, positive charges of the biomass lead to attraction between the anionic species of the dye and the surface of the biosorbent. The electrostatic attraction force of the dye compound with biosorbent surface is likely to be reduced when the pH value increases. In other words at a lower pH, the biomass cell is positively charged leading to a decrease in free negatively charged adsorbent sites which are favorable to the adsorption of the negative charged dye; this finding is in complete confirmation with previous study [28, 29] .
During the process of decolorization there may be a spontaneous pH change in the solution which affects the dye decolorization. So we need to maintain the pH at the desired values. The pH was decreased from 0.6 ± 0.02, 1.5 ± 0.02, 1.2 ± 0.02, 1.5 ± 0.02, 1.9 ± 0.02 and 2.0 ± 0.02 to pH 1 ± 0.02, 2 ± 0.02, 3 ± 0.02, 4 ± 0.02, 5 ± 0.02 and 6.0 ± 0.02 respectively. A decrease in pH of the dye solution results in a higher dye loading per unit weight of the sorbent. The change of solution pH is shown in Fig. 3 .
Effect of different concentrations
The effect of different concentrations (100-600 mg/L) of ramazole blue at pH 2.0 ± 0.02 on decolorization was studied for 1 h. The selection of this pH was based on the optimal pH for pH study. It was found that, 0.1 g of Baker's yeast strain could fix 100, 94, 91.7, 87.5, 86, and 88.3% from 100, 200, 300, 400, 500 and 600 ppm of ramazole solutions, respectively. Results also showed that one gram dry weight of Baker's yeast strain could accumulate 100, 188, 275.1, 350, 430 and 529.8 mg in the initial dye concentration; this may be due to the saturation of the sorption sites on the biosorbent as the concentration of the dye increases. The actual amount of dye adsorbed increases with increasing initial dye concentration, i.e., the increase in adsorption is limited with biosorbent dose. This was confirmed by other investigators [30, 31] and they attributed this phenomenon to the increase in the driving force of the concentration gradient, with the increase of the initial dye concentration. Hence a higher initial concentration of the dye will enhance the adsorption process [32] .
Isotherm biosorption analysis
Isotherms are the equilibrium relations between the concentration of the adsorbate on the solid phase and its concentration in the liquid phase. From the isotherms the maximum adsorption capacity (q max exp) can be obtained. Analysis of such isotherms is important in order to develop an equation which accurately represents the results and could be used for design purposes. Langmuir and Freundlich models are among the most common isotherms describing solid-liquid sorption systems. Baker's yeast biomass featured steeper slopes of their respective dye removal isotherms in the lower concentration regions, indicating higher affinity of these materials for binding dyes. The application of the Langmuir model and the Freundlich equation to the experimental data showed that the Freundlich model fitted well with the experimental data (R 2 = 0.947) than Langmuir's model (R 2 = 0.868) as shown in Table 2 and Figs. 6 and 7. Similar results have been reported in some literatures' isotherm [33] .
Effect of the biomass weight
Baker's yeast represents an inexpensive and promising material for the removal of ramazole reactive dye from its solution. To investigate the efficiency of biomass obtained from Baker's yeast as reactive dye adsorbent the dried yeast was added to 100 ml of dye concentration 500 ppm at pH 2.0 ± 0.02 for 1 h. Results showed an increase in the uptake percentage of ramazole or decolorization percentage with the increase in biosorbent dose from 0.12 to 0.5 g than from 0.5 g to 1.0 g. While, the mg uptake/g dry weight decreased with the increase in the adsorbent weight. The uptake capacity was 54.17, 36, 20 and 10 mg/g dry weight at biomass dose 0.12, 0.25, 0.5 and 1.0 g, respectively as shown in Figs. 8 and 9 . This could be attributing to shielding effect and lower mobility of the yeast particles as it excite at high concentrations. Our results are in conformity with those obtained by [20] .
Effect of contact times
In order to investigate the effect of treatment time on color removal, different samples were adjusted to pH 2.0 ± 0.02 containing 0.1 g of dried biomass /100 mL of the dye concentrations 500 ppm for different intervals of time (0-1200 min.). Results showed that the dye concentration decreased from an initial value to an equilibrium value provided the contact time is sufficient, nearly after 1 h. and then the uptake capacity does not show any significant results as shown in Fig. 10 . This may be related to the saturation of adsorbent site on the outer interface of the biomass by dye species. The time needed to reach equilibrium is defined as ''equilibrium time''. Process was found to be initially very rapid, and a large fraction of the total amount of the dye was removed (75% and 375 mg/g within approximately 30 min). The rapid uptake of the dye indicates that the sorption process could be ionic in nature where the anionic dye molecules bind to the various positively charged organic functional groups present on the surface of the biomass. This confirms the explanation why the maximum% decrease in color removal was Fig. 6 Langmuir isotherm for dye removal by Baker's yeast. Fig. 7 Freundlich's isotherm for dye removal by Baker's yeast. obtained at pH 2 ± 0.02. This was confirmed by other investigators [30] .
Treatment of real textile wastewater
Treatment of real textile wastewater by Baker's yeast strain was investigated as in Table 3 . The pH was firstly adjusted to 2.0 ± 0.02. UV Scan Spectrum Curve for textile wastewater sample before and after treatment shows a decrease in color absorbance from 2.446 to zero at k: 595 as shown in Fig. 11 . Results also showed an increase in COD removal percentage to 61.8% as shown in Fig. 12 . Photograph of textile wastewater sample before and after treatment process is shown in Fig. 13 .
Examination of biosorbent by Scanning Electron Microscope (SEM)
SEM is widely used to study the morphological features and surface characteristics of the adsorbent material. It also reveals the surface texture and porosity of the adsorbent. SEM micrograph was done for yeast cells either before and or after treatment of textile wastewater at different magnification powers (2000X and 8000X). Control and exposed cells were examined to determine differences in the cells after contact with the dye. Figs. 14A and 15A show a typical yeast cell processed as a control not exposed to the dye. [17, 33, 34] .
Fourier transform infrared spectrometry (FT-IR)
Another investigation related to the biosorption phenomenon is FT-IR. It is used for the determination of functional groups in organic materials in the frequency range from 500 to 4000 Cm À1 . FT-IR is carried out to yeast cells ''active dry'' strain. Yeast biomass was dried to almost nil moisture and sent for FT-IR analysis. Spectral region consists of a set of peaks. This analysis had eventually confirmed the binding sites available for the biosorption and these binding sites (functional groups) in relation to the biosorption occurred and to change in the chemical composition. The biosorption by Baker's yeast may be due to the presence of active groups on cell surface such as polysaccharides, lipids, amino acids and other cellular components of the organism. The binding sites of the dye on the yeasts are the phosphoryl and carboxyl groups. From Fig. 16 we could find that the most significant bands were in the regions of 3448, 2958, 1629, 1558 and 1137 cm À1 . A weak absorption at 2958 cm À1 was usually ascribed to the aliphatic groups (asymmetrical and symmetrical stretch of CH 3 ). Sharp band located in 1629 corresponded to an aromatic carbon or carbonyls (stretch of C = C in aromatic rings). The band at 1137 cm À1 may belong to C-O stretching in alcohol or ether or hydroxyl groups. The above results indicated that functional groups on the surface of Baker's yeast affected the adsorption process [17, 33, 34] .
Conclusion
In this study, Baker's yeast cells were found to be the suitable support for decolorization of ramazole blue from its solutions and COD removal from textile wastewater. Parameters such as the pH of the solution, initial dye concentration, biosorbent dosage and contact times have a significant influence on the discoloration process. The optimum conditions were found to be pH 2 ± 0.02 and biomass weight 0.25 g for dye concentration 100 ppm at 25 ± 3°C reaction temperature, under which one can remove color and COD efficiently as flocculants for treating simulated and actual dye wastewater. For synthetic dye, 100% of color removal was achieved in 1 h. For real textile wastewater, 100% and 61.82% of color and COD removal were achieved in 1 h., respectively. Results obtained from this study are well described by Freundlich isotherm model and to a lower degree by Langmuir isotherm model. Scanning electron microscope (SEM) observations and FTIR analysis allowed us to infer that the mechanism taking place during discoloration is a biosorption process.
